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(54) OPTICAL RBER AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical fiber capable of surely reducing a 
transmission loss caused by a Rayleigh scattering loss or the like and its manufacturing 
method. 

SOLUTION: An optical fiber preform 2 in which the ratio of viscosity RTi=r|0/r|t of the 
core average viscosity t]0 to the whole average viscosity r|t becomes 2.5 or less is 
manufactured and is drawn in a line drawing furnace 1 1 to form the optical fiber 3. 
Thereafter, the optical fiber 3 is heated at a temperature within a prescribed range in a 
heating furnace 21 provided in the post stage and the optical fiber 3 is gradually 
cooled. At this time, a virtual temperature Tf within the optical fiber is lowered and the 
Rayleigh scattering loss is reduced. Simultaneously, the concentration of stress on the 
core is controlled by the condition Rr|12.5 of the ratio of viscosity and the occurrence 
of a structural irregular loss or the like is reduced. Thus, the optical fiber and its 
manufacturing method by which the transmission loss as a whole is surely reduced are 
obtained. 
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"C. »*L<I±1 2 0 0-1 600°C(DSiBW<»jaai:: 

l^•C5SSA<1 1 0 0-1 7 00*^0. L < 1 2 O 0 10 

-1 7 oo^c^^c-sa^oat^. 3t:?r>r/<3a);ajt^ 

[0 0 5 5] mm^2 ^(01iF*b^Z3{Z{ts N2**Xtt 
$&gj2 4j&N&a)N2rf7^ttiteiii&2 5A<}$filS*LTfc 

iiaj»ilP2i(Dilp/be2 3rt3b<N2^xS?fflai:ft4 
[0 0 5 6] n\mp2Mm-^yr^^^3{ts nssn 

;US$ti. *a)i!lSfilA<K^A4 2$[5]*cligS)-r^ffia 
olzmm^tiio ng/1'l£S4 1:6^e><DttS*^i•^li. *l 

tai^stLr(D$«i»3.~'v h4 4ic2&e»*i. *7r^A 

3(D^g;!)<^4^iSS**ifc^Sfii<b?Ji:S<i:3l3. K^A 

4 2 (igli^-^4 3) (Dlslfe^g^jS^ircky*^ 

[0 0 5 7] h4 4A^b(i. >1l§[lC<fcy*tf) 30 

fcK^A4 2 (,i[ai^— SI4 3) (DSfESje^Ti^tm:^ 

[0 0 5 8] ^(D^s 3t>'T-f/<3lC, n-T-O^df 
-r:^5 1 lCj:y UVgJflgS 2/)<^=itT$4xSo ^^^Ftlfr 
UVUjms 2{t. mrnmrnS 1 V^'>3^3 2lcd; 

T. 3fe:?7^/^5Ria4tt. *V 1 *{gT. K 40 

7A4 2lCcfcy^^l5JbtL^o K^A42li. iHie^ll) 
tt4 5l::3El#*tiTtey. C<7)lHllKigaai4 5a)SSgPf± 
SgB^-^ 4 3 lcg«*i^■Cl^^o 
[0 0 5 9] ZZX\ *^ffiJf^fillwfct^-CI*. r^-x-f 

>^4r^X5 i&tj:«tIia<bW3 1 iCckoT. 3fe:7r-f 

^0 zo^mmmi^tLxit. ±mLtzmf&izm^i'. 
j^^b^asg^sfiiL. ^lo^!ftJlplcJ;y^£^b*•tt^cfc5l^1S 
mLXij^i\ 

[0 0 6 0] )5:fc\ a?l*Fl 1<D<piD^§l 3lztt. ±IB 50 



ufc.fcaic^stt:tfxfit^fisi 4*^^)a)3Fa1t**xtt^& 
a»i 5 3e»<i*s*ih.Tfcy. «5I}fi kdj^/OI^i 3^ 

j§tt*'xfltf&a 1 4fcLrN2^*x«i*&sussit. *p»c> 

gl 3rtl::N2^x$fitJSU"CN2:tfx3?HSltft4cfc3 

[00 6 1] mA.\i^ OOm/m i n 

(DS^|::li. 7 -f 3 3b<H e #XSIfflaTM±S3l^ 

1 1 (JpiC^ei 3) 1^3-CI 0 0 0*'Cgit*t?.^ai$tLT 
L*5wi:A^fe^fcift, ca)lg^. *P»C>S1 3F^SN2 

iS?^nm%tLXs 1 (JP't>ei 3) \huxo) 

3fe:77-f/<3a)ajt* 1 7oo"cfiJtt'r5-t*^»* 
Ll^ *fc. He:^*X^*&gpi:N2:^'XttSgaJi:^lS 
It. S^laSgl^^JSLT. iP*C>g1 3rtlzHo^*X$fc 

li. -HJ^aiftcDlllnSfiiCcfcy 1 1 0 0 - 1 7 0 o°c. 

tf*L<li1 200-1 7 00°Ct LT^i. ^5g^fP(± 
- $1 S (O P X A< m ^ ^ ^ Jfe -5 o 

[0 0 6 2] ±mLfz^yT^^<<D&^y5m\ts n\^fp 

2 1 *ffli>fc^)ftlcj:^3t:7T^/N'rt(^)ffiS;aST f (D 

C>*L«)*:77-r/<) <Dfi^fiElZOl^"C. ±!BLf=cfc5lC. 

0/77tS2. 5iaT (R;7^2. 5) tLXl^^o 
[0 0 6 3] Z0^5U1&\tit(O§kf^^mfztm^(O^ 
-^y^^^JSLlf^yr-^/^M^lz^LX. MMZTikLfz^. 

m'^mtmm.ij'^i^mm'r^ztiz^'ox. u-<y-a 

[0 0 6 4] tUt>t>. ^z?r-(/^P^i&mtsti^mz 
3l::Sfe5J(cffiM (5%JU±ii3lE) ts*i^tti»\z, «liS 
Lxmiz{&&^mStt6:ifty7^f^^m^Ztii<Xt 

-So 

[0 0 6 5] KIT. aT¥i$ltttt770. ^ft^l^tttt 

<*r;?^2. 5^mm't^zt\z^^^mm^(o&&i&i 

[0 0 6 6] ^T. =3 7^1$ltt1t;70. ±tt:¥i^fett 
7?t. Xt;^itttt:R;7(D^§^l::ol^TSi0^f CJI 
X. mziZTTst^oiz. 3 7^iSlt1 OOit. ^-CD^SIc 

WL\f^*itzi;vy Kfi«i o 1 ^a)2®A^&afiE*tlfc 
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It * itttt* a-r ttii^ss * 77 -ea^ c t i: t -5 o 

[0067] ZO^ir. H7fgai 0 0rta)»fffilCOL^ 

;?o.= Jo;? d S / JodS 
= Jo 7? d S /;r ro2 

■e3Ri?>e>n^o zzv. Jondstt. Bf®rta)S-ea 
BT®a)®H-ea)S»S^-ro Jodstt, ^fjiic 

[0 0 6 8] U7«<llt1 0 0RXf<7=yv mm 

1 0 1 i^ib'^fz±»mm\zr)isx. tttt«gJSr7$¥ 

77t = Jt 7? d S / Jt d S 
= J 1 77 d S r l2 

■e*A^)e)ti^o cc^. jt;7dstt, Bfsrtos-ea 

IzMt^^iti^^vO. m2\Z7^sLfzU7m^^ OOR 20 

"To JtdSli. S*lc^LfcJ;9lc. 3 7ffiJa 
1 0 ORlf<P =7 V K^S 1 o 1 *&*)1tfc»r®ffiS;r r 

[0 0 6 9] m±(7)J:5l::*i6&ixfc3 7¥i^lSitt7?o 

&t;±(*¥i^»tt77t3^I^C,. tttttbRnA^R 77 = 770/ 77 

[0 0 7 0] JSte. ^^^vK^JSA^ M^S'SHfir^SW 

iibO^a^^^^^ K®(D±tt:*^^»y K^iSH^b LT. 30 
±120* (M^tf*Slt«Sfc77a)»»*) sssffit-niia 

L\ 3t:7rw'/<rta)#aaT-rotttt^a7?iz-3L> 

1 3 0 O^C-- 1 9 O 0*'C(7)|ESrt(7)?'§ji[. 
If, 1 9 00°CT*(Ott14^6gH£ffil^^Ci6<•C^^, 
[00 7 1] S^IZ. ttttifcl=OL^r(Z)*f^R77^2. 5 

[0072] zirnai ooxi/^;^*v K^«i o 10) 
tt14(zoi>-cii. MS i 02 (i/'J:^) arSW^^fil 40 
fiE(;)3t:77^/<3if|3fcL^rii. <7 ^ K^giai one 
Jt-c-Czj^^liai oo(7)|fitt77oA<:^^< 35:^0 cojj; 

tttt77D^I<**<ttttltR77a)ffl3^^<**l^t. 

?l^*fcli®?!a>^d:^|-3fc:?T-</<lcftit>55fi^^j£* 

A<zir®jiEi ooics*-r<bo 
[0 0 7 3] ■r3S*:>i^, ft:7 7-</<rt(D«-iiaizfei+^ 

«»aiSD«3$. s I oi-n^Ts {-^^li^fTs) icajjp-r-s 

Zt\z^r>x^ •fcD*&it3&<^Jx*<JS:-5cfc7l=gEib-r-5o 
^ffMlztt. tttt«a77tt*3« 50 



Iog10 77 = 5, 6+ 1. 5 8 [F] -0. 57 [G 
e, C I 1 

lcLfc5f)^or^<b-rS C^SX TK.Shiraki et aL. Elec 
tronics Letters. Vol.29 No. 14, pp. 1263-1264 (199 
3) J #S) o 

[0 0 7 4] ccr% [F] I*, ses i oalzJJ-r-SH: 
HSt^^ (%) (Z)fi|-eSLfcF (:7'vm) coSJaa, 

[Ge. c I] PJfillcMs i 02lzJ4-r'5tt:SSr^ 
S (%) a)ffiT*$LfcGe (y;UT-'^A) *fcl±C I 

li. •?-a)tttt«8$77l::Mt-*iBS;ti<Geti^l|-c**i: 

[0 0 7 5] ^fc, ^-tl^tlCO^JIlfl^^SS I Ol-n^Ts 

•^-H-eHcDSinSOJiS-^tt. [F] <0, [Go, c 
I ] >0-Cfe§o -Tfet?^. ±IB<DScfcy. Go. C I 

•\^»F<i:f^^SD-r-5;itlcJ:oT, S \ Oiii^T^O^ 
ttffiSk77i*/jx^c<^i:^„ LfcA<o-c. Ms i oizxy^ 

•V K^iiti o 1 a)fe143!)<Fa)^j!Kl<^^^c^oT/^* < 4^ 

nZlSai OOT*a)*Stt77 0. &T;*SttikR77 
[0 0 7 6] ^-LT, 3a)J:5lz*SttJ±Rr7A<:fctlN 

[0 0 7 7] Ctlli. ±IC, 3t:7T-r/<l^(D(SSSST 
-nx^ ±IBU/z=i7^iai 0 0^<7)PB*iS*(rJ:oT, 

±tttLrfiJllli*7!)<Jt^|cffiM$tl?^d:l>AN^fcI± 
fiSlcol>r^,, PS::^»*3a^(DlSS(cJ;or36»|c-t 

[0 0 7 8] CtLlCJtLT. %:?7^^^t.fz\t%'yr^ 

<'j-tfcsia**. s*^i)^»^b5%la±fiS^l3ffigEL 
13, <S3t^sa*3ii:^(Du>r'j-tfe5i^*ia^(75fi2iii 

[0 0 7 9] 3S:fc\ ttttJtR77A</h*l>ig^!z-3L%r 
«i:L^36<, =irrt-ea)Ge>S:i:(D»J!loaA<*#<3Syf ^ 
-f/^^t LT^aa^^P-SCtjb^b, R7?^0. 07tf 

[0 0 8 0] u-f y-asLii5ta)«ajaiii*sfiifi^sfc 
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afA = A/A4 + B + C (A) 

Vmthi. C(Z)9^>. mi3SA/A4 (dB/km) 

-»si«6a (dB/km-iim4) -cfc-So ±aj:y. 
u-f y i^>r y -n^mmAiz^tmLxn lo 

y. Lfc)b<or. u^y-tka«jKA3^»<s*filA^^5% 
(£«**ttLtf. ^'<y-tjafi*A<5%«as*ifrct 

[00 8 11 i*)fticj:-3-cu^y-»aa** 

{%) <D<i-r?SLfc=J7^|ilSl 0 O^CDG eO)S^a* 
[Ge] tt^t. U-^y-tia^SiaA CdB/km- 

[0082] A0 = O. 85 + 0. 29 [Ge] 20 

ttji^o Lfzt<^x. ca)ji«T-a)filAo$U'<y-» 

*Lf=*:?r-</^T*a)U-<y-S4SL«»AA^ S*filAo 

[0 0 8 3] ^fc. iy-<y-SiSLIi^^#t;^ft<DfiG2l 
m^^mmir^tzfy. asi. ooxim-r?a)eSil5fea 

1.00 $Jt:S<t LTtSl>o OO/ZmTMi. ±IS 

Lfce2lti5^a AcdSjC*. B + C (A) I*ia(So. O 

y>r/<"Cli. £21115^0? 1.00 (d B/km) a)iil±, 3fe 30 

5t 

flro = Ao+0. 0 1 

= 0. 8 6 + 0. 2 9 [Go] 

1.00 <D^mmt-tiZtti<X'^^. ZOtt^ m^^ixtz 

[0 0 8 4] ZO^olZ^ Lz-fy-fifca^SfeA. Sfcli 
afil. 0 0/imX-a)e2£ii5feQri. oo^mSirLT^l^ 

scirizcfco-c, u-<y-t!ta«*. h^i^itmm^m 4o 

tltf. aa*lrGea)aJffla eg a] *<#**tTl^S, 

Lfzt^-DX. =iT'Na)Ge(Da)!nSl::i£i:fceiaill*a) 

[0 0 8 5] L.-<y-»a«»AI::OlxTtt. ± 

^<*a)a2lli*SiWt-5ffiSitLT. ffiSl. OOju 
m-eO>fiSlg5feafi.oo ^fflL^Tl^S*<. Zhlts 1 . 0 50 



5timWSiiiiZ\t^X:Kt<. 1 - 1 O k mSga)itg^ 

[0 0 8 6] tzfzL. *«IB(Dft:7r-</<'Ctt. Kfi 
1. 0 0 ^/ m'T?<DfeSti5feafl.00 1 . 55/im 

y. fisi^^afi.oo •^eaas£»«'rswi:i-,fco 
t^ztf)^v^^c Mti^t^utimmmtLxits 

1. OOumXOU^m^ahoo li. ±ELf-cfc9l:: 
cri.oo = A+0. 0 1 

Qf1.55=AxO. 1 7325 + 0. 025 

[0 0 8 7] ±ELf=^:7r-f/<^ti/^-cDil{iSS^i::fc 
l>Tli. =i7¥iatttt;70&t/±»Vt9ttt±;7tl::«fc^*S 
ttltR77lC-^L^r. ftfrR77^2. 5*f+LTl>«o- 

Mz^^xis fb^itRr}\z'oi\xmmt^zti)^m 
[0 0 8 8] ^?isa)5t:7 7-rA'C*a)agiS*tt. 

cr Z = f X 770/ It 7? d S 

[0 0 8 9] -Ijs *SttH:R77l*. ttttf::oL^T±aiL 

fz^m^t^i^s 

Rn-7)oy (Jt;?ds / Jtds) 

= 770/ ( Jt77 dS /TT rl2) 

Jgl OKDnJiO^g-Cfc^^ fettJtR77(±Zfl)MiC*> 

R77 = crz/ (f /Jt dS) 
= (72/ (f /;r ri2) 

[0 0 9 0] ZZX. *S»&*fti:LT3i*f =0. 
IN (lOgw) . r1 = 62. 5^m myr^/<\M. 

*fi8»CT2 = 2 0MPal::«lSffi^LTl^^a Lfc*<o 

;&|pja)SeJS*<7)5g:^ja«^crzS2 0MPai$iT (0-z 

^2 OMR a) tt^Ztt<»^Ll\ SfeKKiS 
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3 0 M P a KIT t -r « - 1 36<»* L t ^ 

[009 11 7fe:7T>r/<i^a)S®iS::^5^^a)jlIS 
lZ'^l^TI^^ iSi?L\i^ Photoelasticcomputer tomograph 
y $fflL^4»J^^^:ifA<*-S (XK a Abe et al.. J. 0 
pt.Soc. Am. A. Vol.3 No. 1. pp. 133-138 (1986) j # 

[0 0 9 2] :^^m(Dm^(0^tyr^^<RXSf:om&1^ 

0 "CT?ffiiaKrpi 3 t fco 
[00 9 3] msit. %yr^^^(DmA(Dm^m\z-oi^ 

tLrt>^c #MiaCD¥SrO, rU±. -ttt^ixZ rO= 20 

lOl/m^ 2 r 1 = 1 2 5 /imt L/=o 

[0 0 9 4] -C^^^vKfliai Ol^ttS i 02t 

-t^ttijlz^ =3T^i|El OOlzfi. Jifis i 02\znt 
^itm^mm (%) -e^^iag;!)^ [Ge] o= + o. 3 5 

[0 0 9 51 04li, 3t7T^/<a>S2a)gli^^!IIC-^L^ 

o^yr^^^it. */OttS^t;=ir«iJa2 0 0it, iew 

^^0)200^7^--/ KfSia2 0 2. 2 0 3^A>e,fi|jS* 

tirfcy. KfiiUt 202^.0:20 3 S^:bi±-r. 30 



rO, r2, r3 (= r 1) li, •f*l-f*i2 rO= 1 0/i 
2r2=55|fm^ 2r3 (=2rl) =125/inn 

[0 0 9 6] ^fz. a7^1lE2 0 OlCli. JlfiS I 02|C 

WrSltiaS^S (%) t?3SliDfi3!r< [c I ] o=+0. 
0 8%t3S^cfc5l::c I SaSJPLfco 200)^7 
•>K«Ja2 0 2, 2 0 3l3(i, as i 02|::*t-r*ita 
St^S (%) 'Ca*Pfi3b<**l'?*t [F] 2=-0. 2 8 
[F] 3=-"0. 20%^ft€»J:ai::F*»lCL 

[009 7] r-</^a3m 3 ojUlSffil it L 

smzwimLx^vr^^^ii^mLtzo 

[0 0 9 8] 05 li. ^t:?7^/^fl)ii:«fil]lroL^r. -t 

grO^ rilis ■tiT.-ftL2 rO=1 Ol/m^ 2rl = 12 
[0 0 9 9] nZliiSlt3 0 OlZtt, i OZiZ 

«-r^hfcJlSr$S (%) -eafliafiA< [c I] o= + o. 

0 8<^ttj:^,^'?\zc l^mmLtzo -lis ^7*yK« 
JgE3 o 1 izits tbHSr^^ (%) X^ljamt^ [F] i = 
-0. 3 5%i:3jfSJ:5l::F$SlJDL/i:o 

[0 10 0] lck±<J)^^. m2, m3<ommm. rxso, 

m) , Qfi.oo (dB/km) . ;&t/u-<u-ifcafi&jaA 
(dB/km-i/m4) $3Rtofcjas$sn::*-ro 
[Si] 





RJ? 






Of 1.55 


A 




Of 1.55 


A 


Of 1.00 




0.63 


0.190 


0.95 


0.96 


0.180 


0.89 


0.90 


IISS012 


1.90 


0.170 


0.85 


0.66 


0.161 


0.80'-0.79 


0.81'-0.80 


li:^0i]3 


1.90 


0.170 


0.85 


0.86 


0.164 


0.81 


0.82 




3.20 


0.170 


0.85 


0.86 


0.170 


0.80-'0.79 


0.82~0.81 



(J|ltt: o i.s5,a i.oo=dB/km : A=dB/kt»>;/m4) 
[010 1] croJSST?!*, «-jt:7r-r/<-e<ottttitR 40 [0103] C(7jJ:3'Stt1±Jt$^-riiit:7r-f/^i=« 



nlZ-Ol^Xit. ^m.mX'\t^iX-?ilO . 6 3, 1. 9 0 

r. tk««lT?i*, tttttbRf?05ffl(*3. aotftoTfe 

[0 10 2] *fc, Si. m2(0^1S«!iayj±S«l|l=O 

jyur, ilSttJtR 77**3. zot-^ti'^itmmxti:.^ 



50 



Lr. 'frh'e*imm<nisammz^?>t^.r^t^Lyh^)o 

2ia*ffi.oo $tfc«r«i:. «iitttR;j^2. 5i&afc 

fiBi. m2. Rum3ommmx\t. ^^&^)<om-^ 

[0 1 041 *S14tkR;?>2. sottWtmxit, 
^)ftfcy(0li^l3. ^-l''J-«SL€SaA(z-^l^rl±. SI 
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[0 10 5] j*i±j:y. ^J*$fflL^fcSjS:&lS!ic^:o^^ 

[0 10 6] ^t^r, *^B^(C.fcSIS2(03feP7-r/<, 

[0 1 07] dCT?. KlTI-teL^T, «-SiJI=fclt'5H»f 

*<ofii^*-rjtB«r*Mtt, as 1 02 caes) -e® 

SSf*$S^ (H:®Sf¥M=o) tL. iWs i 02A^P> 
[0 10 8] t-fs 3lt7r-^'/«oSH6:Sa(=ol^rtaw 

[0 1 09] fcfc'L, s*^tt^&gaA^e>tti^^F:f^-5Jtp 

s«2^f^SLXL^-s. tfji^*,, ^rmmi. m i 
I («[S) mms i02Z}Ttri>tttiZs ^^5•yK 

Ano^-0. 26% 

3fc7T'r/^e*r2$f^iaLTL''-5. 
[0110] ±iELfcjt7T'('/^a)iajt:*j£tt. ftisftjp 

nT^JaStUS i 02$fcl*C 1 SAlS i 02i:-rSti: 
0^-0. 2 6%$gSfc-rJ:9l=F*ainLT«fieLT 

[0 111] za)^5fji^^^mztms&0i%yr^f^ 



sm^j^t-Brnthztiz^^Xs u-fy-»a«*«: 

[0 112] t1Sit}*>. ca>J:7l=, U-<'J-t![ai85fe 

T^NroiajKoK^isii* 1= J; o r ewt^ss^js if fflteffl 
[0 113] -flswi-ii. ^y7'</^m^z^tamm3\ 

■rSi:#l=3'fc:7 7-</^•|=llP^e)^l•53S:^3l=oL^■c, 

[0 114] z4il=>ttL-C> ±Ero«fi)tl-J:i>3ft7r>l' 
fiat's© FW^JlDfilcJ^L-C, K^lstl-IS*A<» 

j8i=»«*iK«±ia<iA»#^e.*i.-5(DT% iWs i 02a 

fiM-r^ci:A<-ets, c*iizj;y. u-T 'J -i!iaii56 
4: i: % 1= , «IJt^S«*& if<D U-f U -ttaaifeKl>KD 

[0 115] ^«:fi<j|c(±, iy^'}-mim^A\z-:3[,^x 
tt, m-^oms i 02 3 7 (*fcl±Ji6S i 02 3 71::^!: 

8 5 d B/km • /:im<ANt>!K)5%Ul±iSaS*l,fcO. 
8 1 d B/km • jl/m<JilTa)gk®SSfflt-r§Ct6«-e 
*fc. Jfifil. 0 0/im-C<Oe2llg*ai.OO 1=0 
L^Ttt, l^^iOTSJpfiiO. 8 6 d B/km6MC)$«|5%Kl 
±fiM*afco. 8 2 d B/kmJ*lT<0Si(fill6Hi:f S 

[0 116] ±lELfc3lt7r'r/^a)SlJg*ai=fc 

ti*i^iifT&u^:hmmmpit^i^5iz^*fsiim^f7o 

l±. 5i;tlA<0. 05~0. 2ON (5~20gw) (DIE 

[0 117] ^iz, 3t7r-r/<(0«fiEl=-31,\TlftWr 
•So B7I±. *IEWI-J;-5lg2fl))t77"r/^05mi roH 
lgj^iai=oL%r. -ta)BSrS:?"a:7 7-i';u$*-rE|-efc 
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[0 118] C(D^7r>r/<li. S I 02**^A (5S 

^t^nTfiae 0 0^. =ir«a6 0 0<n^Si3l9:{tb 
[0 119] aTfiaeooii. •ta)nsa)*S$ ro 

OOrt(D¥i^JtlBSf*SI*. A no (fzffL. AnO> 
0) i:^^:oTl^'5o 10 
[0 12 0] ^^»>K®JS7 0 0ii. *^t6}^SS 
[rfei^TIA, =irf|iS6 0oa)^SI^I6ite>*ifcW^v 
K)i7 0 1 rt^^':/Kl7 0ia)i^S[c^f>|cia 

[0 12 1] rt</^^/KB7 0i(±. ^cDnJSa)*g£ 
ri tLTjf$fiE^*iri>So ca)rt^'^'>KH7oiic 

^ KIi7 0 1 P^(D^^]tm^W^m\t. Am (fcf£ 20 
L. AnKO) irft-^-CL^So 

[0 12 2] KS7 0 2(i. -tronSO) 

r2i:LTfi^fi!t^?nTl>5c CCO^rf^^^v KS7 

0 2lcii, i 02:tf^xi3F (:7*>^) A^SrSfiS 
^*4iTt>^o cixiCcfcy, K®7 0 2rta>¥ 
i^lltJaST^Mtt. An2 (fcffL. An2<0) tftot 

Kli7 0 1 "^(OF^^l^iiSlraaJ^y 
<**i-Ctey. Lfc;6<or. ^^•:;K®7 0 1&t;7 0 
ZO^^\tm^^mt. 0>An2>Ania>H«$^L 30 

[0 12 3] ¥i91tStff^MAnl(D[^^^»V K 

B 7 0 1 i: . ¥iaitH»f*M A n 2a)«^^7 ^ KB 7 0 
2<^^^*^1±fc^^*:/ Kfi|ia7 0 0(D±(*^Lrl*. * 
(D^iiltkSSf^mAncli, ±12Lfc*^+Anc^-0. 
2 6%$j|ifc-rfil (fct£L. 0>An2>Anc>A 
nl) (t3SoTl>*o 

[0 1 24] *3te:77-f/^<Z)37«a6 0 0tt. C I % 
JOS i 02i3T36^€»3S^o C<D3 7«Ja6 OOT-tt. C 

1 (DailDlCcfcoTtt1t36<'\;>'\i>/h* < *Hri^«>t<Z)(D. 40 
^•0^/lDa?5f(!:A^b. -^7 7^:/ K«|ia7 0 0lclt^r=3r 
^igi6oo/)<x#t>tttt^Wt'SmjSt>SorL>*o c: 
*i|-«LT. K«a7 0oiza*a*ti5Ftogg«J 
fit, Anc = -0. 2 6%i:^i:'5^»0g(D±RafiiaT 
©Sftlfi (S^i*Anc^-0. 2 6%lc5ttij;) irf^- 

[0 12 5] ca)i37^fl)fB*^«a)W$i|i=.fcy. ft:? 
7-</<a)8?lifti=inx.€>*i«ift*i^?*r5fi3lli*a)?S so 



[0 12 6] **Jg}^ffi(Dft7T</<l*. F0S 

li:, F<oaftJS/)</h*l^ (ttH«f^M3b<**L>) 
7-;/ KB7 0 2<ta>2Ba)^^*v KB^^SUT. -J^^^y 
K^ia7 o 0/><fl|/iE$4xTL^^o 
[0 12 7] ca>J;93S2B«S<D<;^-y K1S«7 0 0 

S7oi[CcfcoT. ^s^is+i-sftt^ir^iae oo:Rt/ 

H^^-v KB702l±. ft:7r^/^a)e3&^tt£Wfi1" 

Sid*. &i;=iT^a)»s*i««*est-r^aiSj:*:t**^ 

tSo ^-LT. KB70 1. 702^^ 

K«a7 o 0±(*T-fl)¥iSli:B»r*^l::Sl 

[0 12 8] CCT*. -i^T^;/ KB70 1, 7 0 2T'a)¥ 
i^lhfcBSf^SAnU An2lCOL^TI4. *(D*/hS«cfc 
y. n<7^':/HB7 0 2-e<D¥iSitjaSf^SAn2l±. 

An2^-0. 26% 

[0 12 9] aTf§iS6 0 0^<DC I aSJral::-^L^ 

•CI*. =3 7111^6 0 o^(D3fc(7)ffli:a«)0)as&^*3t 
»lc««-r«fcto. *a)¥J$iJl:SSf*S^o. 0 1%^ 

AnO^O. 1 2%a)eHrt^-r^C<tA^»*Ll>o <t 

'>?S:L^fctolcttS i 02 3 7tl^«lca5-i:3!i<T-g-. 
=l7?IlS6 0 0CDttttt/b$<-r^^^^,fe^o 
3 7^SilE6 0 0l^<DBtfr$»ffilwOl^rli. 37 

««6 0 0rt-CBS-S<;)H»f^»^ii:Lrtfil>L. fc 

[0 13 0] igstt. *i^B^lcJ;^m2(D7t7T'</«0 

m2 0)^^fefl^BS(z-:)l^T. ^■(OBST^:/D:?r-f ;u$3f: 
[0 13 1] C(D3t:7 7 micDlltS}l^SI<t|5]« 
y. *:77-</^a)*iC>tt$^bn7«a6 0 0i:. 3 7 

sjgE6 o oo^mizmf^Mz^p^v K«ia7 o o tt 

[0 13 2] C4xb(7)3 7®iSl6 OO&O^^/^V K«|iS)c 
7 0 0(Dfl»fiEtt. H7[c^Lfc3te:?7-f/^i:l$lSl^»T? 
fc^*^ K®i|j7 0 0a)n^^>V KM7 0 2(7)^ 

teL^TI*. ^^5-:/ KB7 0 2|CttF (:7*yS) 3b<S*P 

^til*. IMS i 02:tf^xA^?>^^SM•^5^y KB7 o 2 
ibJaoTl^-Sc L/c;t»<or. -J?^ KB 7 0 1 az/7 0 
2a)5pj^hl:Htfr^Mtt. 0 = A n2> A nia)Sfi|£:&L 
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[0 13 3] itzs ¥i^lil:iaSf^gAnlC0rt^7^-y K 

7 0Zt^^t>1tfz<;'y-j K«i37 0 0(D±ttit LX 

-0. 26%$2ifc-rii (fctcL. 0 = An2>Anc> 
Am) it^SoTl^So 

[0 13 4] *lllfi^I^g|(D^fe:7T'r/<lcfcL^r^,. mi 
-^K«i«7oo^tjffai=»a**iT. 37^a)tB*« 

[0 13 5] ZZV. ^^mmm0^oiz^^yy\^m 
7 0 2S*ES i 02^L/c^^lC(i. 3t:7 7-<y^$'ftlf 

7 0 2(Drt)a(D¥S (=P^^^*V Kli7 0 1(;)^1^^<D* 
S) rtt. K®7 0 2(Z)^®a)#gr2it*^ 

r2— r2X 0. 3 

0 2(Dg:^sat:77'-r/^±{*(0 3 o%iUT^-r-sei^i:: 

[0 13 6] H9f*. *«B^|Ccfc4K203fe:7 7-</<<O 

m3(7)||JSfl^^icotxr, •fcDH8f^:^n:7 7-<>u$^ 

[0 13 7] ca)3fc:7T-</^tt. mi. m2<o||J6}^9l 
s i 02^*^x (5^:tf^x) W:(Diftyy-( 

□r$lfeE6 0 0OnSlCiSltb*lf::^^*V K«Ja7 

ooi:$i&LTl«jas*irL^5o ca)d^». zirm^e 
ooa)^tj^IzoL^Tli. s 7 2s^i;0 8 iz:^Lfc3t '7 r-r 

[0 13 8] ^^vKisia7ooii. *ii!fi}^si 

IcfcL^Ttt. #-(D^^':/K^7 0 1 ^:^Lrm/a**i 
TL>*o ^7^»;/KM7 0 1tt. -tOO^jaOJ^ig^rlt 
LTf^J«**lTL>S« Z0i7 5»>KJS7O1[Cli, ms 

7 O 1 (^a)¥tSlt)a»r¥Mtt. Am (fcfcX. Ani< 
O) ttSir>Xl^i>. 

[0 13 9] t-fzs ZOO'VV K^7 0 1 a)¥i5tk]SBT 
^^Aml*. 'i7^*> K|IJa7 OOCD±t*(tLT{D¥i$) 
it@8f$M(=4€^L. "etO^i^itjami^^Ano^Am 
1*. ±ELfca&ftAnc^-0. ZQ^^mztrnttl 

[0 14 0] CCOcfcdl::. mi . %Z(J>mM^mz7r.\^ 



a ft 1 li1Saia)^7 ^ *y K^JSt^ ^<S/Sft 
»vK^lS7 0 0->.i:»ffl(z5J»**LT. ziT^NtOFB^S 

[0141] **B^(Dm2(D5t:?r-</^ai/-€'(DS3g:& 

10 3ti;a:K«!i*^v-ro ftfc\ jaT0^j£e9at;j±«icii-ca) 
%yT^i^\ts %z(0)mmiUl'^xm^\z7^^\.fzis\m 

iL^(D^SSl 3 5 0°C. IliiSOm/^i-ev 1. 5m. 

aa^PRii. 8»izs^Lfro s?iB*a)5s*(i. 

t^XO, ION (lOgw) tLfco 

[0 14 2] m^ (omMmtt^^%z?T ^ Wii\z 

#SrO. rU r2tt. •t4l-f4x2 rO= 1 OiUm^ 2r 
20 1 = 5 5 /^m, 2 r 2= 1 2 5 /im<i: Lfco 

[0 14 3] sfz, ft^jat?(oesT*i^"^t^ri±. u7 

^«S6 0 0IC|i, SFi^JtJaSf*^A^AnO = +0. 08 
%i:4«J:5lcc I S^iDLf-o KMia7 
OOCDI^^^^V Kli7 0 1 |Z(*, ¥i5jltSST^^7()^An 
i=-0. 2 8%i:/ci:'Sci:3l::F£^JPLfco ^ 

KS7 0 2f::tt. ^^\m^^mi:^^t.rM=-- 
0. 20%tft'5J;5lcF^^^]PLfco C(7)t^. -5^^ 
»y K®ia7 0 0±(*i:LTCD¥iai4:jatlT*^li. Anc 
= -0, 2 1 5%-Cfcofco 
30 [0 14 4] m2a)||Ji£«q<i:ft^3fc:7r^/<l*. @8(C 

#(irO. rK r2l*. •iE'*l-64x2 r 0= 1 O 2r 

1 = 100//m, 2 r2=1 2Siimi:L/i:o Z.(Ot^^ 
^t-O'yvy^Ml OZOW^Wt. r2-rl=r2X0. 2 
<r2X0. Ztt^nXl^^^ 

[0 14 5] ft«lat»a)H»f^|COL^Ttt. 37 

^JUeooi-li, ¥JSll:jaSr^^A<Ano = + o. 08 

0 0a>W<7^v KH7 0 1l::tt. ¥l^Da:B»f*SA<A n 
40 l=-0. 2 8%^ft'SJ:aiCFS3i^KlLfco ^ 
'P'yv KJi7 0 2lriiF^S^ioi±'-ri-^s i 02t L, 
¥l$)J±Btfr¥^3b<An2 = 0. 0 0%tLfco ZOt 

i?7'>Kfia7oo^fti:Lra)¥J$ijt@«T*g 

li. Anc = -0. 17 8%t:feof-o 
[0 14 6] m3(D||JSC4t&*jt:77-</<li. 091= 

n^tfcBfif*:^n:77-f;n=J:o'Cf^SLfc. ft 

^Sro, rlli. -E-tL-64x2 rO=1 0/im, 2 r 1 = 1 

2 5 limit Lfco 

[0 14 7] *fc. ft«isEx-(;)HtiT$(z-:3t>T(i, ur 

50 ^iiaeOOlZli, 5|ii<^itB*T^S3&<AnO = + 0. 08 
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ooa)^?7'> KH7 0 Kcii. ¥i^H:Ji»T¥^A<Anc 
= Ani=-0. 2 6%<!:?5:'5cfcaiwF^a*PLfco 
[0 14 8] ft:7 7'</<com4a)gJS«lli:L 

[0 14 9] JJl±a)SBl-m4a)Sllfi«l::*iL-C. ±IS 

Lfcei^*jSfcS)St>«:^T-</<$mi. »2a)itscii 

[0 15 0] %^(r>^mktUh%•:>y^^^\t. ElQic 

lSl^«(Dm-eftSLf=. fctcL. -^^^y K«iiSt7 0 0 
K@7 0 1 iZOUr. ¥*$lttJi»f^^A<Anc 
= Anl=-0. 35% «-0. 26%) t^^i^O 

[0 15 1] %2.(I>YcW^tU^%r?7 ^ ±I5L 
fcmiO!)ltSfiij^l^«0mfi£';?<^SL/co fcf=L. ^-O 

/^^m^lLfco 20 

[0 15 2] ja±a)Si'-S4<Diii6e«. ai;mi. m 

X&Lfcaaia^feff Aa)a$#IS) . ;:fi:g1. 0 0/im-C 

a)e3ia*ffi.oo , atfKsi. 5 5/imT-a)e3iii^fe 

1.00 At/ Of 1.55 I*, ^*L-f*i, 
Of 1.00 =A + B 

afi.55 =0. 1 7 3 25 XA + B+0. 016 

t?fc^o 30 



[S2] 





A He 


A 


B 


or 1.00 


a 1,55 


SI£&#I)1 


-0.215 


0.790 


0.008 


0.798 


0.169 




-0.178 


0.800 


0.008 


0.808 


0.161 




-0.260 


0.780 


0.011 


0.791 


0.162 


^tE«44 


-0.215 


0.810 


0.010 


0.820 


0,164 




-0.350 


0.800 


0.015 


0.815 


0.169 


it8«2 


-0,350 


0.850 


0.008 


0.858 


0.170 



(.^Ltt: a i.oOvQf 1.55. B=dB/km ; A=dB/knrr//m4) 
[0 15 3] *-r. €-*:?r>r/N*T?0¥iaU:S8r^^A 

nclZ-^t^Ttt. Sl-m4a)||li«A<*ttAnc^- 
0. 2 6%$jSyi:LTL>*a>(rj!tLT. mi. S2a)it 
Kfiijt?li±l!a<i^S^^Fa)»iP|::J:or. Ano<- 
O. 26%t?S:ort^^o 

[0 15 4] u-f «j-m«aA. «£^sii^ 

B, ^I/eaili^feQri.oo . ori.5S lCOL^rMil^. ii« 
0«ST?^/^*frt^*»:-ri::flFSiL/i:»2CDltSffiJTIi. 
U^'J-»a€gaAa)fil(*. ±£&LfcS¥fil<DO. 8 5 
OdB/km- jUm4t^i:-^TL^So «ja:^S!i 50 



^BcDfitt. 0. 008 dB/kmT% ureal 

ti^^ai.oo li. l5(i±jSLfcS^fil(;)0. 8 5 8 d B/ 
km-Cfe-So fi2lli*Qfl.55 l±. O. 17 0dB 

/km"efcSo 
[0 15 51 ffi«(D«ljtX-a^/1*Sfifo-Cf^©Lfc 

S 1 (OhkKtWeii. u>r U-t!ta^aAa)filii. 0. 8 

0 O d B^km • /i m^^TJiSsIt^? tl-CL^^t 0)0). « 
Jt^SH^Btt. O. 0 1 5dB/kmtft)$lrc*:oT 

ifi|cii>;LrKy. ±<*<l:L-ceiiltl*afi.55 li. 0. 

1 asdB/kmit. 3s»l^li^fta44^xl^3St^ 

[0 15 6] wtllcWL-C. »1-S4 0)SIJfi«-ei±, 

L^•r*L^l ';-s4si^aARi/«5g^fia*Bttic 

fi^Snrfcy. Ureaili^ai.oo , afi.55 (D 

[0 15 7] -Tft*^^. 2B«ig0)^7^*y K«««*^ 
5mi0)3lte«q-e(*. L/Y'J-tiSl«SftAA<0. 7 90 
dB/km- /im4*TMgM**t'5i:PlKlC. 
S5feBlC-^l^Tt•€•0)li:*)!><R6±^*lTO. OOSdB 
/kmi:?5:-3ri>'&c, ^LT. :^*0)€2lli*ai.oo . 

ffl.SS tLTtt. ^tl^^tlO. 7 98 dB/km, 0. 
1 5 9dB/kmi:. H-^J<i:fiSA«Sl3S*H-Cl^^o 
[0 15 8] 2S«5&-en^7^-y KBA^JKS i O 

20)m20)iite^. ;Ri;iii8ijgo)m3 0^jafi^iicot> 

•tt. miO)SilS«iJi:l^<$l::. LTjEi>l::e2lti 
^A<«^**trL%-&, ^tc. ftlSi*ft*^ilfcS4 0)|| 

[0 1 59] )u±j:y. ^.?fe^fflt>fciSiS:&ii^c^*o)iy 

-< U-SitiLg5fea)e«3aiS*^f1-^S5S*a*ffll^«^ 
ttlw. 5t:7T^/<*f-tt3t3?r^/^S*tO)=3rMia3S^ 

K«liiEO)«fi£izoi>r. nr^iat. jifts i o 
^ft^Anc^-O. 26%s;s/r'rcfca 

i^-f 'j-ika«*i5i^o)fe5^ii5^fie5>o)^^si;it:*;^ 

[0 16 0] ^^fc\ 2B«ns$^st^|gia)«ite«t? 

(i. il^^;^^:/ K®7 0 20)^^^IJt@»T^^A^An2 = - 
0. 2 0%l!:^i:ort^6o CO)^iaitBSr^Mlcoi>r 

ZO)||ffietJ-t?li. K@7 0 20)I^aO)*gA<2 

r 1 = 5 5 /^m«thbSeW/b^t^O)T\ An2=-0. 1% 

tt. m2 0)|llfi«a)<fc5lc. KISO)l?^^J:y 

[0 1 6 1] |g10)|g^s«!llcol^T. agi. 5 

5//mT?0)e2lli5feari.S5 a)3§*tt»tt$«S^fct C 
5.36*0. 04N-e0. 175dB/km. O. 05 
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N-eO. 170dB/km, O. 08N-C0. 16 3d 
B/km. O. 10NT?0. 159dB/km. 0. 1 
6N-eO. 164dB/km. 0. 20HV0, 170 
dS/km. 0. 25Nt?0. 175dB/kmT*fco 
fee ca)jS^J:y. «giK(Z)?i*l::oi^Ta)H®fe5i* 
fflKHfis 0. 0 5'-0. 2 0N<7)®Ht#X.t>tl^» 

[0 1 6 2] *«esicj:i,jt:77'f/^&i;*<oaa*5i 
:?r^/^(7)iiS:Sj£i=oi\T(±, 01 i3^.Lfc<Sfi2a)ia 

[0 16 3] 3fc77^/^*fcttat:?r-</N*S*ra) 

«J^^l-oL^Ttl. m^tjim^t^^mv&^o *-r. si 

[0 16 4] ^fr. m2a)3fc:?7'</^lwOl>Xtt, -Mx. 
[0 16 51 

j^om^^tzimikyi^^^mi^^t tiiiz^ ar^j^tt 

tt ;? 0 1 ^ft¥«Dtttt ;? 1 1 rotttthfc R 77 = 7? 0/ 77 1 * 

iS a * :7 r / W fl ti S o 
[0 16 6] U-<«J-»Sl«**ffi^Rrffi?S:5t:7 



ia*$Es i 02*fclic iSAis i 02 tL. m 

HE*. Anc^-0. 2 6%$jSfc-rEiHa)Sttia-eF 

{yym) ^mmLxmjs.Ltztftz^7>c^<:sLUio&& 

[0 16 7] ±mLfzmf&RXfm&'J5yi\Z^'DXmi^h 

[lascDtem^istB^] 

[lai] pfe^'T-r/^cD^it^ji. ;Rt/*:7r'f/^(7)S3t 

[02] S1a)«:3?T-</^(Cfcft5ftttJtR77lCOl^'r 

[@3] %^o>%'^r>(i^<o%^(ommmx(om1S\^^ 
P "I? r -< JU* "e feS o 

[04] mi cDJt:7T>r/^a)®2(0Slfie!l"ea)Htff*:/ 
[05] 3t:7 7-f/<(»tbSff!lT*(DB»f*:^n:7 7^vu* 
[06] pt:7r'</^(3fclt4?S±&i;?SgJS*©ffiBI£ 
[07] S2a3at>'7-</<a)mi(DllJfiii^S8'e(Z)jia#r$ 
[08] mzoit'yT^/<o>^2.(j>'^vmWiX<Dm^s^ 

[09] m2 0pt:7r-r/^(OS3<Z)Sll£JI^B8-ea))a»r^ 
:^ p :7 r -< ;u ^ ^■^'S t? fc ^ c 
[?3F-^a>ISi0^] 

i-«?ISa. ii-i^^lJp. 12-t-^. 13-^F 
^C>^. 1 4-:^,^tt**Xtt*gai. 1 5--:i^5S11**Xffi«& 
Si^. Z^-1S\m^. 2 2-t-^. 2 3-*Pi[>W. 2 

4- N2*;^.ttJ&S^. zS'-mi^Ts^HSmSt. 3 1-^ 

40 BM^jbSJ. 3 2-UV^>3^, 4 2 

-K^A, 4 3-ffiB^-'$i. 4 4-$l|ffiIZL-»> 4 

5- lE!i£ffil!lW. 5 l-a-x^Vy^H'X. 5 2-U 

v«}Si. eA-'iS^ ^u-=7s 2 --it:? 7 3 

"•3t:77'f/^. 4'-A77-f/<«»o 
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[BI6] 



[BI7] 




(72)f6l!Q# nUU Km 

F 51 —A (#31) 2H050 AB04X AB04Y ABIOY AB18X 
AC03 A(»8 AC71 AC73 ADOS 
4G021 HA02 HAOS 



